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COLOR 


Our world is full of color, in the fruits 
and flowers, trees and grass, and in the 
millions of manmade objects. Color plays 
an important role in our daily lives, and 
our awareness of this is reflected in the 
use we make of it in our gardens, home 
furnishings, clothing, gaily colored 
kitchen utensils, the bright reds and blues 
of children’s toys and colorful walls in 
schools and industrial buildings. 

We are aware of color, but what is it 
and how do we see it? Why is blue blue 
and red red, and is blue always blue and 
red always red? 

By doing the experiments in this unit 
you will find the answers to these ques- 
tions and receive an introduction to the 
science of color. The study of color is 
a very complex one and not all the ques- 
tions in this field have been answered. 
Many aspects of color still puzzle 
scientists. 

First check over your materials. 

COLORED PAPERS—Red, blue, 
green, yellow, white, black and gray. 

COLORED FILTERS—Red, blue, 
green and yellow cellophane film. 

CARDBOARD WHEEL—White disk 
for use as color wheel. 

PAPER FASTENER—One brass 
fastener. 

STRING—For use with color wheel. 
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DIAGRAM SHEET—Contains two 
diagrams for color experiments. 

You will need in addition three flash- 
lights and some cardboard. 

Before starting any experiments, cut 
out a disk from each of your colored 
papers, except the gray, but including 
black and white, exactly the size of the 
white cardboard wheel. Cut the circles 
close to one end of each sheet leaving a 
piece approximately 234 x 3% inches in 
size of each color for various experiments. 


HOW DO WE SEE COLOR? 

Objects have color either because they 
themselves give off light of a particular 
wavelength, or because they reflect or 
transmit certain wavelengths and absorb 
others when illuminated. 

The first type are known as luminous 
bodies and include incandescent, neon 
and mercury lights, hot embers and 
fluorescent materials. Most objects, how- 
ever are nonluminous and belong to the 
second group. Their colors depend upon 
the light that falls upon them. 

But colors from these sources exist for 
us only because we have eyes that are 
responsive to the wavelengths causing 
color sensations. When these light waves 
strike our eyes, messages are sent to the 
brain where they are interpreted as color. 

In the back of our eyes is a layer of 
cells known as the retina containing two 
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types of cells or receptors—the rods and 
the cones. 

The rods are the receptors that let us 
see at night or in dim light, giving us 
sensations of grayness. The cones, on the 
other hand, are responsive to daylight and 
other bright illumination and are the 
receptors responsible for our ability to 
see color. In some persons, the cones do 
not function properly, causing them to be 
blind to certain colors. 

Although no one knows yet how we 
really see color, the generally accepted 
theory is that proposed by Young and 
Helmholtz in the 19th century. Accord- 
ing to this theory, there are three types of 
cones, one for each of the three primary 
colors, blue, green and red. 

If a color different from white or gray 
is seen, the receptors are being stimulated 
to different degrees. If an object appears 
gray or white, all the cones are stimulated 
equally. Black corresponds to little or no 
stimulation. 

Most of the colors we see around us 
are from nonluminous objects and may 
be produced in a number of ways, includ- 
ing refraction of light, selective reflection 
by an opaque object and by selective 
transmission through a color filter. 


COLOR BY REFRACTION 
Most of you are familiar with Newton’s 
classic experiment in which he first 
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separated sunlight into colors by means 
of a triangular glass prism. Many of you 
have had the pleasure of producing the 
rainbow of colors yourselves. 

This array of colors is known as the 
spectrum. According to the wave theory 
of light, sunlight consists of electromag- 
netic waves of radiant energy of many 
different wavelengths. As these waves 
pass through a prism, they are bent or 
refracted by the glass, the shorter waves 
being bent more than the longer. The 
bending of the light rays to different 
degrees according to wavelength causes 
them to separate or disperse and produce 
the spectrum of colors. 

The six main colors we see in the 
spectrum are arranged in order of wave- 
length. From the longest to the shortest, 
they are red, orange, yellow, green, blue 
and violet. 

The colors we observe make up only 
the visible part of the spectrum. Extend- 
ing from each end of the visible spectrum, 
there are waves of light longer than red 
and shorter than violet that are invisible 
to us. These are the infrared and ultra- 
violet rays, but do not concern us here. 

Experiment 1. To observe the colors 
of the spectrum, you do not necessarily 
need a glass prism, although it is more 
convenient. Place a small mirror at an 
angle in a wide-mouthed container of 
water (Fig. 1). In the center of a large 
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piece of cardboard or other opaque paper 
cut a slit about 1/16 inch wide and 1 
inch long. 

Darken a room that has a window 
facing the sun. Allow the sun to enter 
the room only through the slit you made 
in the cardboard. 


spectrum sunlight 


mirror 


Fig. 1 

Position the container so that the beam 
of light falls through the water onto the 
mirror. The path of the light beam is 
represented diagrammatically in Figure 1. 

You will see a rainbow of colors on the 
wall or ceiling. Are all the colors of the 
spectrum present? Note the sequence of 
colors. 

Since water refracts light just as the 
prism does, light rays reflected by the 
mirror emerge as colors. The spectral 
colors from white light are always 
arranged in the same order with red at 
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one end and violet at the other. 

Observe that the boundaries between 
the bands of colors are not clear-cut. This 
is because sunlight consists of a continu- 
ous spectrum of many wavelengths. 

Experiment 2. Note that you cannot 
see the colors as the light waves are 
traveling through the air, but that the 
colors become visible when the beam 
strikes the wall. The light rays them- 
selves are not colored. They become 
visible as colors only after they have 
been reflected and reach our eyes. 

A white surface reflects all wavelengths 
allowing us to see the complete spectrum 
of colors. 

Hold a sheet of white paper between 
the wall and the mirror and you can inter- 
cept the traveling spectrum of light. 

Experiment 3. Other sources of light 
can also be separated into colors. 

Disperse the light from a flashlight and 
a candle in the same way. What colors 
do you see? Do you see any differences 
in the spectra? 


COLOR BY ADDITION 

Experiment 4. You will need three 
flashlights for this experiment. 

Fold the four colored cellophane filters 
in half and then half again to form two- 
square-inch filters. 

Cut from thin cardboard or other 
Opaque paper three circular pieces the size 
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of the lens in your flashlights. Cut out 
from the center of each of these, a circu- 
lar hole 1% inches or slightly less in 
diameter, depending upon the size of the 
lens of the flashlight, leaving a rim at 
least 44-inch wide along the outer edges. 

Take the blue, red and green folded 
filters and place each one over the lens of 
a flashlight. Press the circular cardboard 
holder you just made, down tightly on 
each of the filters. If necessary, tape the 
holder to the rim of the flashlight to keep 
it secure against the lens. Do not cut the 
filters. 

In a completely darkened room, flash 
the blue light against a white background 
about a foot away. Now flash a red light 
partially over the blue. 

Do you obtain a third color? The 
white surface reflects both the red and 
the blue which combine to produce a 
purplish hue, magenta. 

When two colored lights are combined 


magenta 





in this way, a new color is obtained which 
is the sum of the two. This is color by 
addition (Fig. 2). 

Repeat using red and green, and blue 
and green lights. Note the resulting 
colors. Where do the new colors fall in 
the spectrum? The third color always 
falls between the two colors producing it. 

Experiment 5. Now flash all three 
colored lights together so that they just 
overlap. What colors do you now see 
(Fig. 3)? 

At the center where the three beams 
overlap, you will see a near white. Three 
lights that produce white when combined 
in suitable proportions by addition are 
called primary colors. Nearly all other 
colors may be produced by the addition 
of these three colors. The three primary 
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colors are ordinarily said to be green, red 
and blue. 

Experiment 6. Now flash a blue light 
and yellow light on a white background. 
Do you get a white or slightly grayish 
color? 

When two colors are added and pro- 
duce white or gray, they are called com- 
plementary colors. Red and cyan, and 
also green and magenta are complemen- 
tary colors. There are many pairs of 
colored lights that produce white. 

When the eye sees a color, it does not 
analyze the source of light, but sees the 
average effect of all the light waves enter- 
ing the eye. 

Thus a blue light may be a single wave- 
length of blue (monochromatic) or a com- 
bination of light waves of the spectrum 
from green to violet averaging up to blue. 
Green may be obtained by combining 
light of the continuous spectrum from 
blue to yellow, or light reflected by green 
pigment, and red may result from the 
continuous spectrum from yellow to far 
red added together. When the proper 
proportions of blue, green and red light 
are combined, whether these colors are 
produced by single wavelengths or a com- 
bination of wavelengths, as far as the eye 
is concerned, these colors add up to 
white. 

Any two or more colors that add up to 
the full spectrum will produce white. 
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Newton obtained white light after dis- 
persing it into its spectral colors by 
passing the spectrum through another 
prism. The prism refracted the colored 
rays causing them to overlap and add up 
to white light. 

If a triangle of the three primary colors 
is drawn and the combined colors are 
shown in between you get a picture like 
that shown on the cover. 

The red, green and blue are known as 
the additive primaries. The colors in 
between, yellow, cyan and magenta are 
called the subtractive primaries. When 
the additive primaries are combined, they 
produce white, but when the subtractive 
primaries are combined, they produce 
black. 

The colors in the triangle that are 


opposite each other are complementary 
colors. 


COLOR BY SUBTRACTION 

Experiment 7. Observe the colors of 
your papers. What gives them color? 

The red paper is red because the long 
waves only are reflected by the paper 
and all others are absorbed or subtracted. 
Green, blue, yellow or any other colored 
object absorbs certain wavelengths and 
reflects others to give us color sensations. 
This is known as color by subtraction. 


Color by subtraction is actually color 
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by selective absorption or selective re- 
flection. Only certain wavelengths are 
reflected while all others are absorbed. 

White paper is white because it reflects 
light of all wavelengths and black paper 
is black because it absorbs light of all 
wavelengths. 

Experiment 8. Some white light is 
always reflected by all nonluminous 
objects. 

Place your strips of colored papers 
side by side, including black and white. 
Direct the beam of a flashlight on each 
One in succession. Note that all the 
colored papers reflect some white light 
and all of them more white light than the 
black paper. Why is the light reflected by 
white paper so much brighter than that 
reflected by any of the other papers? 

A glossy surface may reflect so much 
white light the object’s color becomes 
obscured. How would you demonstrate 
this? 

Experiment 9. Take your colored 
papers into a completely dark room 
where no light at all can enter, such as a 
closet. Can you see any colors? A non- 
Juminous object does not possess color, 
but acquires it when light of the proper 
wavelength falls upon it and is reflected. 


COLOR BY TRANSMISSION 
Experiment 10. Make square holders 
like slide holders out of cardboard for 
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your cellophane filters folded into 2-inch 
squares, Cut two frames with a 1!4-inch 
square opening for each. Secure the 
frames together along one side with tape 
so that the filters can be readily inserted 
or removed, 

Place a flashlight about 6 inches in 
front of a white background. Turn on 
the flashlight and place each of the filters 
in turn between the light and the white 
background. Note that each filter trans- 
mits its own color absorbing all others to 
a large extent. Color transmitted through 
a filter is color by subtraction also. 

The yellow filter transmits red, yellow 
and green, but absorbs blue. We see it as 
yellow, however, because it is the pre- 
dominating color. Blue absorbs all colors 
except green and blue, the green absorbs 
all colors except green, and red absorbs 
all colors except red. 

Experiment 11. Now cast the yellow 
light on the white background. Look at 
the reflected light through your green 
filter. Does it appear green? Since the 
yellow filter transmits green light and the 
green filter transmits green while absorb- 
ing all other colors, the green light re- 
flected by the background only is trans- 
mitted to your eyes. 

Next look at the light through your 
blue filter. What color do you see this 
time? Blue transmits both blue and green 
but absorbs all other colors. Since yellow 
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absorbs blue, only green wavelengths are 
transmitted through the blue filter. 

What color would you expect to see 
through the red filter? Red subtracts all 
colors except red. 

Experiment 12. Cast green, blue and 
red lights on the white background in 
turn and look at each color through each 
of the other filters. Note your results. 
Can you predict which colors you will 
see? 

Experiment 13. By inserting filters of 
different colors in front of the beam of 
light you can successively subtract the 
colors until none is transmitted. 

Hold the yellow filter in front of the 
flashlight beam and cast the light on the 
white background as before. Now insert 
the blue filter between the yellow filter 
and the background. What color results? 
Next insert the green filter. Is a green 
light faintly visible on the background? 
Finally place the red filter between the 
other filters and the background. What 
happens (Fig. 4)? 

Experiment 14. With your back to the 
sun look at a clear sky through each of 
your filters held a few inches away from 
your eyes (NEVER LOOK AT THE 
SUN through your filters—you will 
damage your eyes.) 

What colors do you see? Each filter 
transmits its own color. 

Experiment 15. Now look through 
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yellow blue green red 





Fig. 4 


your yellow filter at the sky. Then place 
the green filter over the yellow. What 
color do you see? Hold the blue filter 
over the green and note the color. Then 
place the red over the green. What 
happens? 

Can you explain your results from your 
observations in the preceding experi- 
ments? Can you successfully block all 
colors by using only two filters? If so, 
which two? 

Experiment 16. Place the four colored 
papers, red, blue, green and yellow side 
by side on a dark background. Look at 
them through each of the colored filters. 
What colors do you see? 

Each of the papers selectively reflects 
certain wavelengths and the filters selec- 
tively subtract wavelengths from those 
reflected by the papers (Fig. 5). 

The papers in which the colors are 
completely absorbed by the filter will 
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Fig. 5 


appear black or dark gray. 

What colors does each of the filters 
absorb? 

Experiment 17. Look at various ob- 
jects in your home with each of the 
filters and try to predict how each of the 
colors will appear through your different 
filters. 

Go outdoors and look at nature’s colors 
through your filters. Observe what the 
world would look like with certain colors 
missing. 

Experiment 18. Look at white paper 
illuminated by daylight through your red 
filter and then at the sky through the 
same filter. Which red looks brighter? 
Color from direct light transmitted 
through a filter always looks brighter 
than color from reflected light. 
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ILLUMINATION AFFECTS COLOR 

Experiment 19. Using your circular 
holders so no white light will escape, 
place the colored filters in turn over the 
lens of a flashlight and illuminate your 
colored papers in a darkened room. 

What colors do you see with each 
filter? Do some colors appear black? 

Can you explain your results from your 
observations in Experiment 16? 

Experiment 20. With strips of colored 
paper or paints, make a design that will 
show different pictures under different 
illuminations. 

Experiment 21. Take your colored 
papers outdoors on a moonlight night 
where there is little or no artificial 
illumination. 

How are the colors affected? Can you 
explain your observations? 

Experiment 22. How would a blue 
light affect the colors in your living room? 
A red or green light? 


MIXING PIGMENTS 

Colors obtained by mixing paints are 
always the result of subtraction. 

When colors are combined additively, 
the lights are added to each other and the 
resulting color is always brighter than 
the original colors. 

In subtractive mixing, light is absorbed 
and the resulting reflected color is always 
darker than the original colors. 
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Experiment 23. All of you know from 
experience that when you mix blue and 
yellow paints you get green. But do you 
know why? 

If you have paints, mix these two 
colors. Note the shade of green. 

If a yellow paint absorbs all colors of 
the spectrum except, red, green and 
yellow, and blue paint all colors except 
blue and green, then when the two are 
mixed together, the only color that would 
be reflected by both is green. The result- 
ing color is what is left over after sub- 
traction. 

Experiment 24. Mix paints of the 
three subtractive primary colors. Do you 
get black or a very dark color? Can you 
explain why? 

If white paint is added to different 
mixtures of the three subtractive primary 
colors in varying combinations, nearly 
any color desired can be produced. Try 
it. 

The color you see resulting from a 
mixture of paints is the average effect of 
all the light waves reflected. 

Experiment 25. Similar colors can be 
produced using different combinations of 
various pigments. 

Match pairs of colors produced by 
mixing different pigments. Then look at 
them through different colored filters 
under a bright light. Can you explain 
your results? 
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AFTERIMAGE 

Although we are not ordinarily aware 
of it, the visual impression of an object 
on our eyes does not disappear immedi- 
ately when the object is removed but 
persists for a short time after. This image 
is known as an afterimage. 

Experiment 26. Look at a bright light 
for a few seconds and then close your 
eyes. You will see a momentary image 
of the light. This type of afterimage 
which has the same appearance in color 
as well as in shape as the object is called 
a positive afterimage. 

It is believed that this type of after- 
image exists because the brain continues 
to receive messages from the retina after 
the object has been removed. 

Experiment 27. Cut a 34-inch square 
piece from your green strip of paper and 
place it on a large sheet of white paper. 
Look at it steadily for 10 to 15 seconds. 
Then quickly look at the white back- 
ground. You will see a magenta (bluish 
red) afterimage. 

When an afterimage corresponds to the 
complement of the original color, it is 
called a negative afterimage. 

Scientists still do not know the exact 
cause of such afterimages, but it is 
believed to result from the adaptation of 
the retina to a certain color. 

When you look fixedly at the green 
color, your retina becomes adapted to 
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this color and the receptors for green 
decrease in sensitivity. However, the re- 
ceptors for red and blue are not affected. 
Therefore, when you look at the white 
background, which reflects all colors, 
your green receptors do not respond, but 
the other two do. As a result you see a 
magenta image. 

The longer you look at an object and 
the brighter it is, the longer the after- 
image will last. 

Experiment 28. Cut a 34-inch square 
piece from your yellow paper and. place 
it in the center of the blue sheet. Place 
the blue paper on a white background 
and gaze at the two colors together. Then 
shift your gaze to the white background. 
What colors do you see? 

Note that the color of the negative 
afterimage is always the complement of 
the color of the object. 

Experiment 29. Now look at a %4- 
inch square of red paper and note the 
cyan (bluish-green) afterimage it produces 
on a white background. 

Stare at the red paper again, but this 
time shift your eyes to a yellow back- 
ground. What color do you see this time? 
Why? The yellow paper does not reflect 
blue so you see a greenish yellow image. 

Try other color combinations. 


COLOR WHEEL 
Another way to blend colors is by ob- 
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serving a rapid succession of different 
colors by means of a color wheel. 

To make your color wheel punch out 
the two holes in the center of the white 
cardboard disk. Pass the string through 
the holes and tie the ends together. In- 
sert your paper fastener through the small 
slit between the two holes, being careful 
not to tear the holes. 

Take the disks you cut out of your 
papers and make a mark at the center of 
each. Slit each disk from the edge to the 
center. Cut a 14-inch diameter hole at 
the center (Fig. 6). 


1/4-inch hole 


slit 


Fig. 6 


Insert the red disk on the side of the 
wheel from which the prongs of the 
fastener project. Be sure the string passes 
through the center hole. Slip the green 
disk on top of the red, inserting one edge 
of the slit into the slit of the red disk. 
Place the blue on top of the green and 
slip one edge of its slit under the green. 
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Adjust the colors on the wheel so that 
one-third of each color shows. Be sure 
the disks lie flat on the wheel. 

Separate and press down the prongs of 
the fasteners securely to hold the colored 
disks in place (Fig. 7). A tiny piece of 
removable tape at points along the outer 
edge of the wheel where the colors over- 
lap will help hold the disks secure if you 
find that they slip on spinning. 

Experiment 30. Adjust the string so 
that the wheel is at the center. Insert a 






paper 
fastener 


Fig. 7 


thumb between the string on each side of 
the wheel and then pull the string taut 
(not too hard). Swing the wheel around 
a number of times to get a twist in the 
string. Now gently pull each end of the 
string away from the center to start the 
wheel turning. Allow the string to relax 
a little and before the wheel stops turning 
pull on the string again from each side. 
As you repeatedly relax and pull the 
string, you will obtain a smooth spin. Do 
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not spin the wheel too fast. 

What color do you see? Note that you 
cannot see the original colors of the disks 
as the wheel spins, but that you see a 
uniform color altogether different from 
them. 

Is the color grayish? 

Experiment 31. Next spin equal 
amounts of blue and yellow together. 

On a color wheel, primary and com- 
plementary colors appear gray rather than 
white because the colors are averaged 
instead of added. When these colors are 
mixed in equal proportions, the gray will 
appear tinted. Adjustment of the propor- 
tions will produce a truer gray. 

Vary the amounts of yellow and blue 
and note the proportions when the truest 
gray appears. 

Afterimage plays a part in the colors 
you observe on the color wheel. When 
the eyes see a color, the color sensation 
does not disappear at once after the 
source is removed, but persists for a short 
while. Therefore, when colors are ob- 
served in rapid succession as on your 
wheel containing green, red and blue, 
this persistance causes the colors to over- 
lap. The green is still visible when the 
red appears and the red when the blue 
appears and so on. The brain receives a 
combined stimulus of all the colors and 
what you see is the average of the three. 

Experiment 32. Combine the blue and 
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red, red and green, and blue and green 
noting the color with each combination. 
How do these results compare with the 
combination of similar pairs of colored 
lights produced with flashlight and filters? 

Experiment 33. If you have orange 
and violet papers, add these to the wheel 
and then spin them with the yellow, red, 
blue and green disks showing equal 
amounts of each. What color do you get? 

Try a variety of combinations noting 
the many variations you can obtain from 
just a few colors. 

Experiment 34. Place the black disk 
on the wheel and insert the red, green 
and blue disks on top of it. Using the 
black disk with the primaries allows 
more flexibility in the amounts of each 
of the colors exposed, without being 
restricted by the 360° of the wheel. The 
four disks, black, red, green and blue can 
produce essentially every color seen by a 
person with normal color vision, when 
the three colors are true primaries. 

Vary the amounts of each color with 
the black and note the wide range of 
colors you can obtain. 

The color wheel can be used to match 
colors with an unknown color to find out 
what combination of colors will produce 
the same color. 

Cut a disk 2 inches in diameter from 
a piece of paper of a different color from 
that of any of your colored papers. Cut 
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a hole about %4-inch in diameter in its 
center and place it on the wheel contain- 
ing the black, green, blue and red disks. 
This will serve as the unknown to be 
matched. 

Now spin the wheel and try to match 
the color of the unknown as closely as 
possible by varying the amounts of the 
colors including the black. 

For commercial color matching, the 
disks used are not colors usually so widely 
different as black and the three primaries, 
but are colors more closely related that 
include the colors of the unknowns to be 
measured. 


COLOR CHARACTERISTICS 

Color has three definite properties— 
hue, brightness and saturation. 

Hue is that part of the color which we 
call red, yellow, green, blue, purple and 
so on. 

Brightness is the amount of light the 
color seems to give off and is the reason 
one color looks lighter or darker than 
another. This effect is largely subjective, 
differing with individuals. 

Saturation is the purity of a color and 
depends upon the amount of white light 
a color contains. The more white light, 
the less saturated the color. 

Experiment 35. Place the white and 
red disks on the wheel. Spin the disk 
showing red only. Then show a small 
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section of white. What happens to the 
color? Gradually increase the amount of 
white. The color becomes lighter and 
lighter or less and less saturated. Experi- 
ment with other colors and note your 
results. 

Experiment 36. Saturation can be 
demonstrated with colored sugar crystals 
used for decorating cookies. Place some 
red sugar crystals in a shallow dish and 
crush them with the back of a spoon into 
finer and finer particles. As they become 
smaller the color becomes lighter and 
lighter and finally they will appear almost 
white. As the sugar is ground into smaller 
particles, the amount of white light re- 
flected from the crystals increases because 
the surface area increases. Although the 
red color is still present the white light 
reflected obscures the red. 

A similar effect is observed when trans- 
parent crystals are powdered. Compare 
the appearance of granulated sugar with 
powdered sugar. 

Experiment 37. Some colors appear to 
advance toward the eyes while others 
seem to recede. 

Cut along the dotted line between Dia- 
grams A and B. 

Cut a ¥% x 1%-inch piece from your 
red paper and place it lengthwise in the 
space marked “a” on Diagram A and a 
blue piece of the same size on “b.” Face 
away from any light source and hold the 
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diagram a foot or so away from your 
eyes. Which of the two colors seems to 
be closer to you? 

Red looks closer. Colors of longer 
wavelengths appear closer than those of 
shorter wavelengths. Red, therefore is an 
advancing color while blue is a receding 
color. 

The next time you are driving at night, 
notice whether the red or the green traffic 
light appears closer as you advance 
toward them. 

Experiment 38. Place your red and 
blue papers on a black background about 
two inches apart and go into an almost 
completely dark room or closet. Allow 
some light to enter, but be sure the room 
is darkened sufficiently so the colors dis- 
appear. Now keep your eyes on the 
paper and as your eyes become adapted to 
the dark, which color becomes visible 
first? 

Colors of shorter wavelength become 
visible more quickly than do those of 
longer wavelengths. 

Experiment 39. Look at your colored 
papers under various amounts of light, 
from bright to dim. What happens to the 
colors? Which colors become less visible 
the soonest? 

Experiment 40. Cut two pieces, %4- 
inch square from your gray paper and 
place one on the center of a piece of 
white paper and the other on black paper. 
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Ask a friend to tell you which gray is 
darker. This effect is known as color 
contrast. A light colored object always 
looks lighter on a dark background. 

Experiment 41. Place one of the 
squares of gray paper on the center of 
red paper. Note that it looks slightly 
greenish. Gray objects take on the com- 
plementary color of the background pro- 
vided the two have about the same bright- 
ness. This becomes more evident when 
the boundaries between the two colors 
are blurred. Bring the papers close up to 
the eyes to achieve this effect. Note how 
green the gray looks. Try this with other 
colors as background. 

Experiment 42. Under a bright light 
look fixedly at the gray piece on the red 
background for 10 to 15 seconds. Then 
look quickly at a white background. 
What color do you see in the afterimage? 

Repeat with a piece of gray on a yellow 
background. 

The afterimage of the gray area in each 
case shows the complement of the 
acquired complementary color. 

Experiment 43. Near one edge of 
your gray paper mark off two areas side 
by side, 154 inches by 2 inches long 
each. Obtain two felt-tip pens that draw 
lines about 1/16-inch thick, in red and 
blue. Draw perpendicular lines with red 
about ¥% inch apart in one rectangular 
area and with blue in the other. 
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Look at the gray background. Does 
the gray background in the area with red 
lines appear slightly pinkish and that with 
the blue lines bluish? 

This effect is known as color by 
assimilation. 

Try the experiment using other colored 
inks, 

Experiment 44. Place the white and 
black disks on your color wheel, allowing 
one-half of each to show. Spin the wheel 
and note that you get a gray. Now gradu- 
ally slow down the spinning and as you 
do so, you will reach a speed at which a 
beautiful array of colors will appear. The 
original version of this experiment was 
called a Benham top. 

Although many theories have been pro- 
posed to explain this phenomenon, the 
exact cause of it is not yet known. 

The colors are visible also when light 
gray and black, and when blue and yellow 
are spun together. Try these combina- 
tions. 

Experiment 45. Take diagram B and 
bring it up slowly toward your eyes. Do 
you see colors between the lines? Identify 
them. 

This is another phenomenon for which 
a satisfactory explanation has not yet 
been found. 

Make a similar design of closely spaced 
straight lines with red ink and repeat the 
experiment. What colors do you see? 
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Experiment 46. Look at the colors of 
a comic strip through a strong magnifying 
glass. Note the tiny dots of colors used 
to produce the effect of a single color. 
This is called screen printing. 

Would you say that the color sensation 
received from these pictures is produced 
by subtraction or averaging or a combin- 
ation of both? 

Look at the comic strip through your 
filters under a bright light. 

With colored pencils or paints make a 
picture using combinations of dots to 
produce different color effects. 

For further study on color, the follow- 
ing references will be helpful. 

Elementary physics and_ physiology 
textbooks—sections on the eye and color. 

Color in Business, Science and In- 
dustry, Deane B. Judd, John Wiley & 
Sons, Inc., New York. 

Color: A Guide to Basic Facts and 
Concepts, Robert W. Burnham, Randall 
M. Hanes and C. James Bartleson, John 
Wiley & Sons, Inc., New York. 

The Enjoyment and Use of Color, 
Walter Sargent, Dover Publications, Inc., 
New York. 

An Introduction to Color, Ralph M. 
Evans, John Wiley & Sons, Inc., New 
York. 

Science News, a weekly magazine, re- 
ports new findings in all fields of science, 
Science Service, Inc., Washington, D.C. 
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LOOKING FOR 
SCIENCE FAIR IDEAS? 


... then obtain a copy of 


THOUSANDS OF SCIENCE PROJECTS 


at only $1.00 


Thousands Of Science Projects is a 
collection of titles of thousands of 
science projects submitted by par- 
ticipants in the International Science 
and Engineering Fair and to the 
Westinghouse Science Talent Search. 


The titles represent projects com- 
pleted by at least one student and 
will serve as a ready source of ideas 
for students of all age levels. 


For your copy send order with 
remittance to: 


THOUSANDS 

c/o Science Clubs of America 
Dept. TH-11 

1719 N Street, N.W. 
Washington, D.C. 20036 


THINGS of science 


COLOR 
Science Service Washington, D..C. 20036 


Humidity 
Measurement 
Polarized Light 
Fossils 

Vision 
Topology 
Pendulum 
Liquid Crystals 
Electrostatics 
Hydroponics 
Seashells 
Center of Gravity 


Send order with remittance to: 


THINGS OF SCIENCE 
Dept. 11-72 
1719 N Street, N.W. 


BACK UNITS AVAILABLE 
Order while supply lasts. 
$1.00 each or three for $2.50 


Washington, D.C. 20036 
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THINGS of science MEMBERSHIP 
12 monthly experimental kits—$9.50 


(Add postage for outside U.S.A. addresses: 


Canada and Mexico $3.00, all other $4.00 per year.) 


Diagram A 


Diagram B 
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